Further evaluation of the tetrodotoxin-resistant circadian pacemaker in the suprachiasmatic nuclei.
We previously reported the results of an experimental paradigm in which tetrodotoxin (TTX) was chronically infused by miniosmotic pump into the rat suprachiasmatic nuclei (SCN) (Schwartz et al., 1987). Although TTX reversibly blocked photic entrainment and overt expression of the circadian drinking rhythm, the circadian pacemaker in the SCN continued to oscillate unperturbed by the toxin, and we concluded that Na(+)-dependent action potentials are not a part of the SCN pacemaker's internal timekeeping mechanism. In the research reported in the present paper, we used our paradigm to chronically infuse other agents, in order to evaluate the validity of this interpretation further. (1) Infusion of 50% procaine into the SCN of blinded rats resulted in a disorganized circadian drinking rhythm during the infusion, after which behavioral rhythmicity returned without apparent phase shift. In intact rats, procaine reduced the phase-resetting action of a reversed light-dark cycle imposed during the infusion. Thus, the effects of voltage-dependent Na+ channel blockade by a local anesthetic resemble those produced by TTX. (2) Infusion of high (20 mM) K+ or 100 microM veratridine into the SCN of blinded rats resulted in an apparent phase advance of the circadian drinking rhythm by over 4 hr. The phase-shifting effect of veratridine was blocked by simultaneous infusion of 1 microM TTX. Thus, membrane depolarization or direct activation of voltage-dependent Na+ channels can affect the pacemaker's oscillation. Our infusion paradigm can detect alterations of rhythm phase, and the lack of phase shift after TTX or procaine infusion is not an artifact of an insensitive method.